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INTRODUCTION

TRW has recently completed a research effort for the California Air
Resources Board to develop a methodology for the estimation of emissions
from mobile sources (1ight and heavy duty vehicles) in the South Coast
Air Basin]&z._ A computerized emissions model incorporating the methodology
derived duringufhe\research effort is now operational. This report is a

comprehensive guide“fo the operation of the model.

The procedure used'in the model basically consists of obtaining vehicle
miles traveled for particular locations (grid square, freeway segment, etc.)
and time periods from a data base and combining them with an appropriate
emission factor. The emission factor is a quantitative estimate of the
rate at which the pollutant is released to the atmosphere per vehicle
mile traveled. The emission factor is obtained for conditions at the
particular Tocation and time period. Factors considered in the deriva-
tion of each emission factor are road type, average speed, ambient tempera-
ture, vehicle model year distribution and hot/cold vehicle operation mix.

The computer model provides a flexible and efficient tool capable of
evaluating a wide range of vehicle emission controT alternatives and other
dynamic conditions (e.g., retrofit programs, fuel scarcity, change 1in
vehicle control systems, population and vehicle mix modifications and road
configurations). This capability is provided by structuring the computer
software to be input driven, i.e., the problem is fully specified via
input data, Thus, the spatial and temporal resolution, as well as the
mobile source type to be inventoried, is dependent entirely on the data
base input to the model.

A number of data bases have been compiled for the South Coast Air

Basin consisting of light duty vehicles (LDV) and heavy duty vehicles (HDV).
See footnotes 1 and 2 for details concerning the compilation of these

data bases. Each data base consists of the following information:

]"A Mobile Source Emission Inventory System For Light Duty Vehicles In

The Souty Coast Air Basin", dated February 1977.

2"A Heavy-Duty Vehicle Emission Inventory System", dated October 1977.



e Distribution of vehicle population and annual vehicle miles
traveled (VMT) by vehicle type and model year.

¢ Coordinates of all freeway, arterial and collector road
segments in the study area.

e Traffic model estimates of annual average daily volume and
average peak and off-peak speed on each road segment,

¢ Disaggregating factors based on actual traffic count data to
provide weekday/weekend, seasonal, road type, vehicle type,
and temporal volume distribution.

Using these data bases, the emissions model produces emission estimates
for the South Coast Air Basin with 10 KM grid spatial resolution and one-
hour temporal resolution. OQOutput of the model is very flexible, providing
both tabular and graphical results.

This report is composed of six sections comprising both a user's
manual and programmer's guide. Following the general description of the
model provided in this section, a detailed model definition is given in
Section 2. The software structure of the model is described in Section 3
and Input/Qutput is discussed in Section 4. A sample case is provided
in Section 5. Appendix A contains source listings of each component
of the model.



MODEL DESCRIPTION

The computer model follows the procedure illustrated in Figure 1,
Two parameters, VMT and the emission factor, are processed in parallel to
account for season, time of day, operating conditions, vehicle population
mix, etc. The process results in values of VMT and emission factors re-
flecting the modeled driving conditions for each grid square. The model
output is the emissions 1in each grid square for the period of interest,

This section will describe the method of computing each parameter
considered in the inventory,

Base Value VMT

The base value VMT represents the total average daily weekday VMT
on each road link in the study area, For the South Coast Air Basin these
data are provided by the LARTS model and are available on magnetic tape,

The data contained on the magnetic tape include the coordinates of the
end points of the road Tink in system coordinates, 1link length, road type
(freeway or non-freeway), annual average weekday traffic volume on link,
peak and off-peak traffic average speeds on link, and county (or counties)
in which Tink is located. The base VMT on the link is:

VMT = Volume* length,
Grid VMT

The aggregated grid VMT is a data array containing the VMT within
each grid for speeds given in increments of five miles per hour (between
15 and 60 MPH) and for each driving condition (road type and peak/off
peak time period). The VMT on each link (or fraction of a link) contained
in a grid square is summed for the appropriate conditions to obtain the
final data array.

Inventory VMT

The final inventory VMT to be combined with the appropriate emission
factor is the VMT for each grid square adjusted for driving conditions for
the time period under consideration, Thus, the inventory VMT at a specific
speed, s, for a specific grid square and time period is:

3



VMT

BASE VALUE
LARTS VMT/LINK

EMISSION FACTORS

BASE VALUE

1975 FTP Mean
Emission Factors

VMT MODIFICATION FACTORS

Base Values modified for:

Seasonal Variations
Weekday/Weekend Variations

Time of Day Variations

Traffic Type - Freeway/Non-Freeway
Link Location

EMISSION MODIFICATION FACTORS

Base Values modified for:

Vehicle Population Mix
Speed Variation
Ambient Temperature
Hot/Cold Operation

MODIFIED VMT

MODIFIED EMISSION
FACTORS

MOBILE SOURCE

-Emissions Inventory

Figure 1. The Inventory Development Process
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VMT =

where:
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The adjustment
square types,

VMT o % Fy * Fy % F % F

total average weekday VMT (base VMT) at speed on
roadtype t in a grid square.

the weekday/weekend adjustment factor (weekday is 1,
since the base VMT corresponds to average weekday VMT).
seasonal adjustment factor,

hourly adjustment factor for this grid type,

vehicle type fraction,

factors are derived for as many as ten different grid

Emission Factors

The composite emission factors are given by:

enpsth -

where:

enpsth

ipn
in

ips
ipt

ripth

1l

n
z ipn Min Vips Zipt ripth
i=n-18

c

Composite emission factor in (g/mi) for calendar
year n, pollutant p, average speed s, ambient
temperature t, percent cold operation w, and
percent hot start operation x.

The mean emission factor for the ith model year
during calendar year n and for pollutant p.

The fraction of annual travel by the ith mode1
year during calendar year n.

The speed correction factor for the ith model
year for poliutant p and average speed s,

The temperature correction factor for the 1th
model year for pollutant p and ambient temperature t,

The hot/cold vehicle operation correction factor for
the ith model year for pollutant p, ambient temperature
t, percent cold operation w, and percent hot start
operation x,



The emission factors were obtained as follows:

Cs = Is tabulated by model year; poliutant and calendar
ipn
year,
Min = Is compyted by multiplying thie fraction of i model

year vehicles operating in the SCAB in calendar year
n by the average annual mileage of an ith model year
vehicle in SCAB divided by the average number of
miles traveled by all vehicles.

Vs = Is computed for hydrocarbons and carbon monoxide by
ps the equation below:

- 2
= e(Aip + B‘ips + CipS _)

For NOX the equation is of the form:

V1'ps

Zipt = Is computed by the equation:
Zipt - Aipt * Bip
The coefficients Aj and B. are tabulated by model
year and po]]utant.p The mdHel year is considered in
the temperature factor only in the determination of
catalyst/non-catalyst factors,
ripth = Is computed for non-catalyst vehicles by:
v _ W+ (100-W)f(t)
iptwx 20 + 80f(t)
where:
f(t) = At +
(t) ot * By
For catalyst vehicles:
o2 WE (OF(E) + (100-H-X)g(t)
iptwx 20 + 27€(t) + 53g(t)
where:

f(t) is the same as above and

t) = At +B
g(t) b b

for exhaust hydrocarbons and nitrogen oxides,
For carbon monoxide:

At +B
g(t) =e( pt B



Average rather than composite emission factors are used for sulfur
dioxide, particulates and crankcase hydrocarbons,

Exhaust emissions are expressed in terms of grams of pollutant per
vehicle mile traveled. However, for diurnal and hot-soak evaporative
hydrocarbon emissions, the usual measure is grams of pollutant per vehicle
per day and grams of pollutant per vehicle trip, respectively, Because the
spatial and temporal resolution of the inventory is derived from VMT dis-
tributions, another means of distributing evaporative emissions was de-
veloped. For diurnal emissions, it can be assumed that the vehicle popula-
tion is distributed spatially in the same manner as the general population,
The general population distribution can easily be determined on a grid
square basis from population density maps,

The average diurnal emission factor is given by

n
_ Z
®d 7 i=n-18 91
where:
9; = The diurnal evaporative emission factor for model
year i in gm/day,
a; = The vehicle population distribution by model year.

The diurnal hydrocarbon emissions in grid square (i,k) are then given by

Ejk =N ij ey
where
N = The total number of vehicles in the basin,
Pk = The fraction of population in grid square (j,k),

If hourly emission estimates are desired, then daily values are simply
divided by 24.

Hot-soak hydrocarbon emissions are a function of the number of trips
generated. It can be assumed that the trip distribution and the VMT dis-
tribution follow the same pattern, both spatially and temporarily if con-
sidered on a daily basis. The hot-soak emissions can also be assumed to
be identical for each day of the year (i.e., no seasonal variation),



The average hot-soak emission factor is given by

n
e = z d.M. gm/trip
N gep1g 1T
where:
d. = The hot-soak evaporative emission factor for model

year i in gm/trip,

The hot-soak evaporative hydrocarbon emissions at hour £ in grid
square (j,k) are then given by

Eggk = entd N Tosn Vi Viot
where:
td = The average number of trips per day for an LDV.
N = The total number of vehicles in the SCAB.
ij = The daily VMT in grid square (j,k).
lek The hourly VMT factor for the grid square,
Vtot = The total VMT in the SCAB.

The first three parameters of the equation represent the total daily hot-
soak emission in the basin. The ratio of the VMT in grid (j,k) to the
total VMT apportions the daily emissions by VMT, and the time factor T-@k
converts from daily to hourly emissions. The hourly time factor is again
proportional to the hourly VMT.

Software Description

The model is executed in four steps corresponding to the modules shown
in Figure 2. This step-wise procedure allows for preserving intermediate
results,

The first module, the VMT Aggregation Module reads the traffic model
link tape and combines VMT which have a common grid square, speed, and road
type into a VMT matrix. Four such VMT matrices are constructed corresponding
to non-freeway off-peak conditions, non-freeway peak, freeWay off-peak,
and freeway peak conditions., These matrices contain the total VMT from alil
types of vehicles.



YT AGGREGATION MODULE (VAM)

Read Yink-by-link LARTS VMT
Combine YMT with similar characteristics

Road type
6rid sgquare
Speed (peak and off-peak)

Four VMT matrices result

VMTNO(I,J,K)  Non-freeway off-peak
VUTNP(I,J,K)  Non-Freeway peak
VMTFO(1,J,K)  Freeway off-peak
WMTFP(I,J,K)  Freeway peak

(1 represents east-west location of grid square, 1-22,
J represents north-south location of grid square, 1-17,
X represents average speed, 1-10, 15-60 mph)

EMISSION FACTOR MODULE (EFM)

READ: HMean FTP emission factors
Population distribution
ileage distribution
Temperature by hour and season

Compute Hin

For exhaust HC, CO and NOX
Compute composite freeway and non-freeway
. Emission factors for
Each speed (speed factor vips)
Each hour (temperature factor Zipt)

" P
Each season (hot/cold factor Riptwx!

For Particulates, SOX and Crankcase Hydrocarbons
Compute average emission factors
For Evaporative Hydrocarbons

- Compute average diurnal factor gr/day

Compute average hot-soak factor gn/trip
Ecission factor arrays result for exhaust HC, CO and !0¥

Single emission factors result for particulates, SOX,
Crankcase HC, and diurnal and hot-soak Evapcrative

Hydrocaroons.

EMISSION CONPUTATION MOCLLE (ECM)

FOR:  Each pollutant
Each road type

Each hour

READ: OQutput of VAN and EF!
VM7 disagaregation factors
Peak/0ff-Peak speed indicater
Population data (venicies and people)
V:IT growtn factor

Each day (weekday/weekend)

Each grid square

Compute the VNT factor (season factor*day
factor*hour factor)

Compute emissions for each speed and sum
Compute evaporative emissions

OUTPUT FORMATING MODULE

This module reads the output of ECH
and formats the data to generate the
inventory tables or maps.

Figure 2.

Emission Inventory Model Flow Diagram




The Emission Factor Module {EFM) computes emission factors for:

Exhaust Hydrocarbons Sulfur Dioxide
Carbon Monoxide Crankcase Hydrocarbons
Oxides of Nitrogen Evaporative Hydrocarbons
Particulates Diurnal

Hot-Soak

Composite emission factors reflecting speed, temperatue and hot/cold opera-
tion are computed for exhaust HC, CO and NOX. These composite factors are
computed for each speed (15-60 mph in increments of 5 mph), each hour and
each season for freeway and non-freeway driving patterns, Single value
average emission factors are computed for the remaining pollutants.

The Emission Computation Module (ECM) combines the results of the VAM
and the EFM along with the VMT disaggregation factors to construct the
emissions inventory. This module computes emissions for each poliutant,
each season, each day type (weekday/weekend), each road type, each grid
square for each hour of the day. This module includes all the season, day
and hour VMT factors, along with the VMT growth factor and the fraction of
the VMT from the VAM, yield the disaggregated VMT, The proper emission factor
from the emission factor array is chosen and the emissions are computed,

The evaporative hydrocarbon emissions are calculated as discussed above. The
results of the ECM module are output to tape, The tape is then read by

the Qutput Formatting Module (REPORT) and selected portions of the data

are formatted into the inventory tables or the emissions maps.
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INPUT

There are three different types of input used in the Mobile Source
Inventory model. The first type is EBCDIC encoded and read with a FORTRAN
FORMAT'ed READ statement. The data to be read is supplied on magnetic tape

and the tape record layout and READ and FORMAT statement definitions are
set up to be mutually compatible, The only data file that is currently

input with this method is the LARTS datas

Another input type is binary data read with an un-FORMAT'ed READ
statement. This type of input takes a minimum of computer resources and is
used in passing large quantities of data from one program module to the
next. The data remains coded in the machine internal representation and
1s not human readable. Binary data files include all output files from
the VYAM, EFM, and ECM program modules which then serve as input to sub-
sequent modules.

The last input type, and the most important one from the user's view-
point, is NAMELIST input. 'The NAMELIST feature was designed expressly
for assigning values to input variables. It has the following convenient
features.

® Free-form input, data need not be punched or typed in particular
“columns.

o Variables may be entered in any order.

e If variables are assigned default values within the program,
only variables which are to be assigned values different from
their default values need be entered.

¢ If a program performs multiple runs, only variables which change
value from run to run need be entered, all variables not assigned
new values will retain their old values.

¢ Automatic echo-printing of input values is provided if desired.

Figure 3 specifies the basic format for NAMELIST input data cards.
Each data set begins with a "$ input-file-name" card and ends with a
"$END" card. If the program has been set up to provide multiple runs
several data sets may be placed one after the other. FEach data set must

11



FIRST CARD
*OF DATA SET ~——~ —— == P$ Input-file-name

I name assigned to this data set
begins in column 3

"$" must appear in column 2

blank = do not print NAMELIST input

{optiona1 feature {P = print NAMELIST input
must appear in column 1

DATA CARD FOR

SCALAR VARIABLE —— === Variable-name = data value
]
appears after "=" in any column

——.must appear after variable-name

- begins after column 1

DATA CARD FOR
DIMENSIONED VARIABLE —e Variable-name (index-value, index-value,” ) =
data-value , ""“data-value

commas separate data- values

index-values of first data-value,
subsequent data-values are auto-

matically assigned to subsequent

locations (see text)

—— must begin after column 1

LAST CARD OF
DATA SET = - —s $END

—In columns 2 to 5

Figure 3. NAMELIST Input

12.



have its own "$ input-file-name" and "$END" cards. Data sets placed after
the first data set need only input those data values that are to be changed

from the previous run.

The data cards, referencing either scalar (single-valued) variables
or dimensioned (multiple-valued) variables are placed between the $input-
file-name" and "$END" cards. The variables may be placed in any order
and may be entered in any column (after column 1). The scalar
variables are entered simply by punching the Vvariable name followed
by a "=" sign followed by the data value. Dimensioned variables are
entered in a similar way with two differences. First, the storage loca-
tion, within the array, of the first data-value given must be specified
within parentheses after the variable name. Secondly, multiple data-
values may be given separated by commas. The data values may also be
continued onto the next card (after column 1) provided the previous card
ends with a comma. The first data-value given will be stored in the
Tocation specified by the given subscripts. Subsequent data-values will
be stored into each location following the one specified.

Entering multiple data values for dimensioned variables (arrays) must
be done with special care; especially if they are doubly subscripted.
Array subscripts in FORTRAN are incremented from left to right. For
example, ARRAY (2, 1) immediately follows ARRAY (1,.1) and is the second
storage location in variable ARRAY. ARRAY (1, 2) occurs immediately after
ARRAY (M, 1) where ARRAY has M rows. This "column major convention" is
opposite to the usual convention. It must be kept in mind when entering
data into a doubly (or triply) dimensioned array.

Another potential problem area to watch out for is entering more data
into an array than the array can hold. For example, entering:

DATA (3) =1, 2, 3, 4
when DATA has a maximum of 5 entries would result in an error.

Another useful feature in entering multiple data-values is the
“multiplication factor." Instead of entering:

ARRAY (1, 1) =1,2,3,3,3,3,4,5,5, 5, 6
one may enter: _
ARRAY (1, 1) =1, 2,4 *3,4,3*5,6

13.



where the "4*" and "3*" indicates that the data-values "3" and "5" are to
be entered "4" and "3" times each, respectively. This greatly simplifies
the task of entering large blocks of repetitive data.

As an example, of dimensioned variable entry, assume an input vari-
able named POPDIS (I, J) whose value indicates the fractional population
of vehicles of type J and age I years. Assume there are 4 vehicle types
and vehicles 1 to 20 years old are represented. The problem is to enter
the following data values:

Age Vehicle Type Data Value - Storage Location
1 1 .0205 POPDIS (1, 1)
1 2 .0376 POPDIS (1, 2)
1 3 .0565 POPDIS (1, 3)
1 4 .0560 POPDIS (1, 4)
2 1 .092 POPDIS (2, 1)
2 4 .0893 POPDIS (2, 4)
3 1 .1040 POPDIS (3, 1)
3 4 .1003 POPDIS (3, 4)
5 4 .0811 POPDIS (5, 4)
6 4 Q7719 POPDIS (6, 4)

This data would be entered with the following statements.

POPDIS (1, 1) = .0205, .092, .1040
POPDIS (1, 2) = .0376

POPDIS (1, 3) = .0565

POPDIS (1, 4) = .0560, .0893, .1003
POPDIS (5, 4) = .0811, .07719

14



Input Variables for VAM

The NAMELIST input-file-name for VAM (the VMT aggregation module) is
DATIN. The NAMELIST input is read on data set reference number 1. The
NAMELIST variables are defined helow:

NAMELTST DATIN

Variable Name Variable Contents

NLINK Number of Tinks to be read from LARTS file.
NLINK > 10000 will read all links.

XMIN Minimum east-west UTM coordinate to be in-

~cluded in VMT (km).

XMAK Maximum east-west UTM coordinate to be in-
cluded in VMT output (km).

YMIN Hinimum north-south UTM coordinate to be in-
cluded in VTM output (km).

YMAX Maximum north-south UTM coordinate to be in-
cluded in VMT output (km).

DXY Length of each side of the grid squares.

ITYPEG (I,J) Grid type of grid square I,J.

JTYPEG (I,Jd) HDV grid type of grid square I,J.

A sample NAMELIST input file is given in Appendix A.

VAM also reads the LARTS Tlink-by-link VTM data and is included as a
deliverable on magnetic tape, The LARTS data is fnput on data set reference
number 3. The data is encoded in EBCDIC and is input with a FORMAT'ed READ
statement. The format of this data is not a problem the user need consider,
Nevertheless, the internal variable names, content descriptions, and the
Tocations on tape records of the input data is tabulated below:

Internal _ Location
Variable in Tape
Name ' ‘ Contents Record
TFWY Road type of 1ine = 0O Non-freeway 23-24
= 1 Freeway
IvoL Annual average weekday traffic volume 25-32
on Tink.
X1 East-West coordinate of end 1 of link. 49-56

15



Y1
X2
Y2
SPDPK

SPDOPK
DIS
IC1

PCl
1C2

PC2

North-South coordinate of end
1 of link.

East-West coordinate of end
2 of link.

North-South coordinate of end
2 of Tink.

Peak traffic average
speed on Tink.

Off-peak traffic average speed.
Length of the Tink

County identifier specifying the
county in which the Tink lies:

- Santa Barbara
- Ventura

- Los Angeles
Orange

- Riverside

- San Bernardino
- Qutside

Fraction of link in county speci-
fied by 1¢7.

Additional county in which the
Tlink Ties.

~NoygrR Wy~
|

Fraction of 1ink in county IC2.

16

57-64

65-72

73-80

81-85

86-90
101-105
106-108

109-114

115-117

118-123



Input Variables for EFM

The Emission Factor Module has only two input files; both NAMELIST.
One file (input-file-name EMFTR on data set reference number 4) is used
only to input average emission factors. This variable is aiven below:

NAMELIST EMFTR

Variable
Name Contents
CIPN(I,L) The mean FTP or average emission factor for model

year 1 and pollutant L:

- Exhaust Hydrocarbons gm/mi

- Carbon Monoxide gm/mi

- Nitrogen Oxides gm/mi

Sulfur Dioxide gm/mi

- Particulates gm/mi

- Diurnal Evaporative

Hydrocarbons gm/trip

- Hot-Soak Evaporative
Hydrocarbons gm/trip

L=8 - Crankcase Hydrocarbons gm/mi

e

1 i nnnn

~ SOOI PR WM~
1

—
1

The other NAMELIST input file is used for all other input. The input-
file-name is NAMELA and is accessed on data set reference nunber 1. The
variables are defined as follows:

NAMELIST NAMELA

Variable
Name Contents

coLpopr Percentage of Cold Vehicle Operation.

HOTSOP Percentage of Hot Start Vehicle Operation.

HOTCOP Percentage of Hot Cruise Vehicle Operation.

TEMPER(K ,J) Average temperature (°F) during daily time
period K and season J.

NSESN Number of seasons to be considered. Seasons
may be defined as any portion of the year.
1<NSESN<4.

NSPD Number of speeds to be considered.

SPDMN Minimum speed to be considered.

DSPD Speed increment.

17



KVEH

IYEAR
TREGN

ANNMIL(I)

POPDIS(I,Jd)

NYRS
NPERD
ICAT

Vehicle type (EPA definitions)

1T - LDP

2 - LDT

3 - HDV Gas

4 - HDV Diesel .

Year modeled
Region modeled
1 - Low altitude
2 - High altitude
3 - California
Annual average mileage for a vehicle of age I.
If the year modeled is 1975
1 =1 1976 model year vehicles
1=2 1975 " " "

. .

Fraction of all vehicles of this type having
age I in season J.

Number of vehicle model years to be considered.
Number of time periods per day (usually 24).
Catalytic Converter Flag

1 - Vehicle has a catalytic converter.

2 - Vehicle does not have a catalytic converter.

Sample NAMELIST input files for both EMFTR and NAMELA for the EFM
module appears in Appendix A.

18



Input Variables for ECMPLT

The Emission Computation Module for Plotting is very similar to ECM
except that its output is generated by grid square instead of by county.
This data was used in generating the plots which accompany the final
report,

ECMPLT has three input files on data set reference numbers 1, 4, and
5. The first contains NAMELIST input (file name DATIN) and is presented
below. The Tatter two files contain binary formated data from the VMT
and EFM modules respectively,

NAMELIST DATIN

Variable .
Name Contents

VTFAC(N,K,M) Fraction of the total VMT attributable to this
type vehicle in time period N, HDV grid type
K and day M.

TNOVECH The total number of vehicles of this type in
the SCAB.

GROWTH Factor to be applied to the Base VMT to account
for VMT growth, LARTS VMT is the 1974.

TOTVMT The total base LARTS VMT for all vehicle types.

TRIPDY The average number of trips per day for each
vehicle.

NSESN Number of seasons considered.

NDAY Number of days considered:
1 - Weekdays only
2 - Weekdays and weekends

NPERD Number of time periods per day considered.

NSPD Number of speeds considered, NSPD's must be

‘ the same in VAM, EFM and ECM.

NROAD Number of road types considered:
1 - Non-freeways only
2 - Both freeways and non-freeways

MODE = 0 Compute by season, weekday/weekend and road

type as defined by NSESN, NDAY, and NROAD.
= 1 Same as with average season factors,

= 2 Same as "0" with average day factors
AD = (5*WD + 2*WE)/7.

= 3 Combination of "1" and "2",

19



NXGRID
NYGRID
POPG(I,d)

TTYPEG(I,J)
FSESNF(L,K)
FSESNS (L, K)

FDAYF(M,L,K)

FDAYS (M,L,K)
FTIMEF (N,M,K)
FTIMES(N,M,K)

TPKSPF(N,M,K)

TPKSPS (N,M,K)

JTYPEG(I,J)

Number of grid squares in east-west direction.
Number of grid squares in north-south direction.

The fraction of the total people population in
grid square (I,d). Used to distribute diurnal
evaporative hydrocarbon emissions.

Grid type of grid square (I,J).

Freeway season factor for season L and grid type
K.

Non-freeway season factor for season L and grid
type K.

Freeway day-of-week factor for day M,‘season L,
and grid type K.

M= 1 Weekday
2 Weekend

Non-freeway day-of-week factor for day M, season
L and grid type K.

i}

Freeway time-of-day factor for time period N, day-
of-week M, and grid tyne K,

Non-freeway time-of-day factor for time period N,
day-of-week M, and grid type K.

Freeway peak/off-peak speed indicator for time
period N, day-of-week M, and grid type K.

IPKSPF = 0 Off-peak speed
= 1 Peak speed

Non-freeway peak/off-peak speed indicator for time
period N, day-of-week M, and grid type K.

HDV grid type of grid square (I1,J)
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Input Varibles for ECM

The Emission Computation Module requires three input files. The
output created by VAM on data set reference number 4 and the output
created by EFM on data set reference number 5 are input to ECM directly
on those same reference numbers. Both files are in binary (internal
machine) code and are not meant to ix viewed or modified by the user. The
last input file is to be set up by the user in NAMELIST format. The input-
file name is "DATIN" and the data set reference number is 1 for this data
file. The variable names and contents are tabulated below:

NAMELIST DATIN

Variable
Name Contents
VTFAC(N,K M) Fraction of the total VMT attributable to this type
of vehicle in time period N and HDV grid type K,
and day M.
TNOVEH The total number of vehicles of this type in
the SCAB.
GROWTH Factor to be applied to the Base VMT to account
- . for VMT growth. LARTS VMT is for 1974.
TOTVMT The total base LARTS VMT for all vehicle types.
TRIPDY The average number of trips per day for each
‘ vehicle.
NSESN Number of seasons considered.
NDAY Number of days considered: 1 - Weekday only
\ 2 - Weekdays and weekends
NPERD Number of time periods per day considered.
NSPD Number of speeds considered. NSPD's must be the
‘ same in VAM, EFM and ECM.
NROAD Number of road types considered: 1 - Non-freeways only
2 - Both freeways and
non-freeways
PCTYMT(I) Fraction of VMT by road type for the SCAB:
I = 1 - Non-freeway
= 2 - Freeway
FSESNF(L,X) Freeway season factor for season L and grid tape K.
FSESNS(L,K) Non-freeway season factor for season L and grid

type K.
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NAMELIST DATIN (Continued)

Variable
Name Contents‘
FDAYF(M,L,K) Freeway day of weck factor for day M, season L,
and grid type K.
M =1 - Weekday
= 2 - Weekend
FDAYS(M,L,K) Non-freeway day of week factor for day M, season L
and grid type K.
FTIMEF(N,M,K) Freeway time of day factor for time period N, day
of week M, and grid type K.
FTIMES(N,M,K) Non-freeway time of day factor for time period N,
day of week M and grid type K,
IPKSPF(N,M,K) Freeway peak/off-peak speed indicator for time
period N, day of week M and grid type K.
IPKSPF = 0 - Off-peak speed
= 1 - Peak speed
IPSKPS(N,M,K) Non-freeway peak/off-peak speed indicator for time
period N, day of week M and grid type K.
NREGN Number of counties modeled plus 1.
CNOVEH(I) Number of vehicles of this type modeled in county

numer 1.

A sample of NAMELIST input for ECM appears in Appendix A.

Input Variables for REPORT

The report generating module "REPORT" receives its input directly from
ECM. This data is in binary format and is entered via data set reference
number 20 (emissions data from reference number 3 of ECM) and 21 (VIM data
from reference 7 of ECM). Output is to the printer.

22



OUTPUT

The output generated by the various program modules fall into three
categories according to function. They serve to transfer data from a
module to a subsequent module, they generate a summary report of the re-
sults of the analysis and if desired they can provide a detailed "dump"
of intermediate computations and final results. A detailed dump is
generaly expensive and infrequently needed. As a default condition this
part of the code is disabled by placing a “C" in card column 1. Replacing
the "C" with a blank will cause the data to be generated. Any FORTRAN
programmer can do this. The following sections describe the output from
each module,

VAM Output

The Vehicle Aggregation Module produces output on data set reference
" numbers 2 and 4, and on the system output device (which is usually a line
printer). The first two files are used to transfer VMT data to the ECMPLT
and ECM modules respectively, while the third generates a listing of VMT
data.

EFM Output

The Emission Factor Module creates only one output file, binary
emission factor data on data set reference number 5, This data is input
to both the ECM and the ECMPLT modules.

ECM OQutput

The Emission Computation module creates the several output data sets
described below:

Reference Number Contents Comments
2 Hourly and daily emissions FORMAT 'ed
by county
3 Daily emissions by county Input to REPORT
Daily emissions by county FORMAT 'ed
VYMT data by county Input to REPORT
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ECMPLT Output

The Emission Computation Module for plotting produces a binary file
of daily emissions by grid square on date set reference number 3 and a
FORMAT'ed output of hourly emissions by grid square on number 2. The
FORTRAN FORMAT of the latter is:

A header record for each file contains season, day, and road numbers
with a FORMAT of (3I5). Within each season, day, and road type the
subsequent records each contain the Hour, grid number in the X
direction, grid number in the y direction, and the total emissions
of each of the 8 pollutant species. The FORMAT is (I2, 2I3, 8F9.5).

REPORT Qutput

The program module REPORT generates the summary 1istings by county
of total emissions for each pollutant and vehicle type. The output appears
on data set reference number 6. A sample of this output appears in Appendix C.
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PROGRAM FLOW

The diagram in Figure 4 illustrates how the various program modules
are linked to provide proper program flow, The type'of each file (FORMAT'ed
or EBCDIC, binary, and NAMELIST) is indicated along with the data set
reference number used in specifying the input or output file. A descriptive
phase indicating the contents of the file is also provided, The general
format of the data is: '

n = contents (type) or

NAMELIST filename

n

where n is the data set reference number, filename is the name of the NAME-
LIST input file and contents and type are as stated, The arrows indicate
the direction in which data flows.
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1 = NAMELIST DATIN 1 = NAMELIST NAMELA
3 = LARTS (iata (FORMAT ' ed) 4 = NAMELI_"}T EMFTR
VAM EFM
VMT Aggregation Module Emission Factor Module
— 2 = VMT by grid square (binary) = Emission factors (binary)
4 = VMT by county & grid type (binary)
[6 = VMT by county (FORMAT'ed)
1 = NAMELIST DATIN 1 = NAMELIST DATIN
——4 = YMT by grid square (binary) —4 = VMT by county & grid type (binary)
5 = Emission factors (binary) =l —— 5 = Emissjon factors (binary)

J

Emission Computation
Module for Plotting

ECMPLT

L

Hourly emissions by grid square

(FORMAT 'ed)

Daily emissions by grid square
(binary)

— Plotting routines

!

ECM

Emission Computation
Module

¢

2 = Hourly emissions by county
(FORMAT'ed)

—3 = Daily emissions by county
{binary)

6 = Daily emissions by county
(FORMAT'ed)

7 = VMT by county (binary)

-20 = Daily emissions by county
(binary)

21 = WMT by'county (binary)

REPORT
Report Generator Module

6 = Summary’ 1isting of emissions
and VMT by county (FORMAT'ed)

Figure 4. Program Flow
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APPENDIX A

SAMPLE INPUT LISTINGS
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